Abstract: Web Search Engines provide a huge number of answers in response to a user query, many of which are not relevant, whereas some of the most relevant ones may not be found. In the literature several approaches have been proposed in order to help a user to find the information relevant to his/her real needs on the Web. To achieve this goal the individual Information Behavior can been analyzed to 'keep' track of the user's interests. Keeping information is a type of Information Behavior, and in several works researchers have referred to it as the study on what people do during a search on the Web. Generally, the user's actions (e.g., how the user moves from one Web page to another, or her/his download of a document, etc.) are recorded in Web logs. This paper reports on research activities which aim to exploit the information extracted from Web logs (or query logs) in personalized user ontologies, with the objective to support the user in the process of discovering Web information relevant to her/his information needs. Personalized ontologies are used to improve the quality of Web search by applying two main techniques: query reformulation and re-ranking of query evaluation results. In this paper we analyze various methodologies presented in the literature aimed at using personalized ontologies, defined on the basis of the observation of Information Behaviour to help the user in finding relevant information.
Introduction
In the last few years there has been an exponential growth of the information available on the Web. The difficulty of locating information relevant to the user's needs is becoming a 'hot' and crucial problem, and a great deal of research is addressing this topic [1, 2] . People mainly use Web search engines as an access point to relevant information on the Internet. Unfortunately, a search engine produces several results in response to a user query, with the consequence that the truly relevant results are not always retrieved. In the literature, in order to face this unsatisfying situation, one of the suggested solutions is related to the contextualization of a user's Web search. The objective is to personalize the behaviour of Web search engines [2] . Indeed, the results produced by a search engine for a given query are the same, independent of the user and the context in which the user made the request. The main idea is to understand what the context is surrounding a Web-query during a user session: in the literature several proposals have been defined for this [3] . Possible solutions are related to query-specific contexts, and they include: (i) context around query and (ii) context within query [4] . The former specifies the environment of a query, such as the domain of interest, while the latter refers to context words within the query [4] .
The problem of personalization has also been faced in several studies of Information Behaviour. In Wilson's model of information behaviour [5] the context of the information need is based on the personal context of a user where information seeking and searching are jointly considered at different stages of a search session. In particular, the personal context of a user is defined by collecting the information acquired and organized over time and in response to a range of stimuli [6] . On the Web, the search context may be defined by considering the information collected over time after several user's queries. This means analyzing the behaviour of the individuals: how a user moves from a Web page to another, what the actions performed on a Web page are, what information is stored in the user's workstation, etc. The user's actions are organized into Web logs and may be re-used in future user queries in order to help the user locate relevant information during a Web search. In this scenario, the assumption is that a user only keeps track of the useful information while discarding the rest. In [7] an analysis of some people-centred information applications developed to support the user during a Web search is reported.
In this paper, an overview of the use of ontologies to improve Web search is presented. In particular, we consider the approaches which make use of ontologies to formally represent the information behaviour of the individuals during search sessions on the Web. Ontologies give organization to the information, and they allow associations between data to be expressed. In this context two types of ontologies are involved: (1) personalized ontologies, and (2) general purpose ontologies (e.g., the ODP [8] ontology). In both cases, the ontology is used as a semantic support to capture the user's intents in a Web search.
A personalized ontology can be semi-automatically defined by considering: (1) the terms used in the user's queries, (2) the user's activities and/or 93) the user's preferred documents. These different strategies can be jointly used in order to obtain a personalized ontology. In the first case the words written in the user's queries are stored over time into query log files (past queries) to discover associations between terms [9, 10] . In this field, one of the pioneer works is the one proposed by Silverstein et al. [11] . In the second case, the user's actions during a Web session are analyzed and then stored into Web log files. Generally, a Web log file includes information like a unique identifier for the user or a session, a query string, a timestamp, the results' page number, the URLs clicked for each query and actions such as saving, printing, copy, etc. [12] . In the third case, an ontology is defined by extracting the relevant information from the user's preferred documents. These documents are stored on the user's workstation during previous Web sessions [13] . A personalized ontology is then obtained by keeping the user's useful information after a user search session according to these three possibilities.
In this work we present a review of some works proposed in the literature on the use of a personalized ontology to help the user find the information relevant to his/her needs. In particular, we describe how an ad-hoc ontology can be used to improve the quality of a user's Web search by facing two typical Information Retrieval problems: query reformulation and result re-ranking. In the first case some useful concepts defined in the ontology are used to expand the user's query in order to better locate relevant information; in the second case, the ontology is used to re-rank the results produced by a search engine according to the user's interests. This paper is organized as follows. In Section 2 the use of ontologies to model Information Behaviour is presented. Section 3 and Section 4 report a review of the use of an ontology to personalize the query expansion and re-ranking strategies, respectively. In Section 5 some conclusions are stated.
Use of Ontologies to Capture the Information Behaviour
Today's search engines constitute an important search tool on the Web for many people; although search engines usually provide a huge numbers of answers, many of which are not relevant, some of the more interesting answers are not found. One of the reasons for this situation is that existing Web search engines are not able to interpret the user's context (at least to some extent). To improve this situation it would be useful to give the systems the possibility to better understand the meaning of a user's query in order to produce better answers. The goal, in this case is to reduce the communication gap between humans and machines: ". . . interaction between people and computers requires essentially the same interpretative work that characterizes interaction between people" [14] .
Ontologies have been used as a possible approach towards the above research direction; in fact, as they allow to represent the knowledge of a specific domain, ontologies can be used to help people and machines to communicate concisely by facilitating the information exchange based on semantics rather than just on syntax. An ontology is made up of concepts, instances, functions, relationships and axioms to provide a common understanding of the real world [15] [16] [17] [18] . With the support of ontologies, users and systems can communicate with each other through an easy information integration [19] .
Ontologies can be employed not only to reduce the communication gap between humans and machines but also to formally represent the user's interests and context. The definition of a personalized ontology is aimed at representing the user's personal interests. Since generally a person has several interests, user profiles should be defined to represent the various user interests. For example, in [20] a user profile is proposed to represent the distinct interests related to a user. The use of an ontological language to formally define a user profile can offer an effective solution to this problem. For this reason, in several works, a personalized ontology is viewed like a user profile, named ontological user profile [21] . To understand the user intent of a Web search could in this context mean identifying the user's interest related to the query in the user ontology.
Generally, an ontology can be defined either manually by experts of the considered domain or in a semi-automatic way by analyzing a specific source (domain-dependent) of information. In the literature two main approaches have been applied to define an ontological user profile: (1) by the use of general purpose ontologies (e.g., ODP), and (2) by personalized ontologies. In both cases, the ontology is used as a semantic support to identify user intentions.
In [21] an example of a personalized ontology obtained from the ODP is presented. Figure 1 depicts a graphical representation of an ontological user profile where just a portion of the knowledge is represented in the ODP. In particular, only the categories of user interest are automatically selected from the ODP after the analysis of the user's actions during a search session, and an importance score is associated with each concept (for more details see Section 3). In this quite simple representation the categories are linked through the taxonomic relation IS-A. In some Information Behaviour works, a personalized ontology is employed to provide a semantic organization to the information selected by the users within a search session. In this situation a personalized ontology is (semi-)automatically built after the analysis, for example, of Web log files. In [22] a domain model based on an ontology, named Behavior Knowledge Base, is defined by storing the information about all the significant actions performed by the user on the Web. Examples of significant user's actions are: accessing a Web page, downloading the preferred information, etc.
Once a personalized ontology has been defined, it is possible to use it in order to improve the user's search. The approaches proposed in the literature address the definition of methodologies to identify the useful information in the ontology to improve a search task [6, 23] . Two main approaches have been investigated: query expansion, and re-ranking of the results produced by a search engine in response to a user's query. In query expansion a personal ontology can be used to automatically expand the user's search, in order to contextualize it. Whereas in the re-ranking phase, a personal ontology can be used to re-rank the search result based on the conceptual schema provided by the user ontology structure. In the literature, hybrid approaches are also proposed. In [24] a survey of methodologies of concept-based query expansion for re-ranking multimedia documents is reported. The query expansion process (especially for short query) can improve recall, whereas the re-ranking phase can improve precision; thus techniques based on hybrid methodologies are preferred [24] . In Section 3 an overview of some works presented in the literature concerning the use of a personalized ontology aimed at query expansion is reviewed; in Section 4 an overview of some strategies defined in the literature employed for re-ranking search results according to the user interests is presented.
The Open Directory Project As previously outlined, an ontological user profile is essentially a portion of a reference knowledge, where each concept refers to the user's perceived interest. In this short review of ontology-based approaches to personalization, the Open Directory Project (ODP) is the reference knowledge adopted by most research works that will be reported in Section 3 To keep the ODP running smoothly, some set up policies for submitting sites are stated. Submissions that violate these policies are rejected. Furthermore, the ODP data are made available through a non standard RDF format. One strategy that allows to define a user profile is to automatically extract the relevant concepts from the preferred user's Web pages. The ODP is the largest, most comprehensive human-edited directory of the Web, thus many researchers have used it for their research activities.
The Use of Personalized Ontologies for Query Expansion
The aim of query expansion is to refine the user's query by adding new meaningful terms to the initial query in order to more effectively express the user's needs. The query refinement can be made either automatically or with the help of the user. In the literature, two main classes of methods for query expansion have been proposed [25] : global and local methods.
Global methods are independent from both the query and the results returned by the query evaluation. They include query expansion by using thesauri or the WordNet and query logs (particularly appropriate for Web search). With the support of a thesaurus each term t can be expanded with synonyms and words related to t. Thesaurus-based query expansion has the advantage of not requiring any user input, and generally it increases recall but decreases precision, especially when the query contains ambiguous terms [25] . Lin [26] is one of the pioneer researchers facing the problem of how the meaning of a phrase can change when one of the words is replaced by a similar word.
Local methods expand the query based on the information found in the result set produced by the initial query evaluation. They include relevance feedback (positive or negative relevant documents explicitly indicated by the user), pseudo-relevance feedback (or blind relevance feedback), and (global) indirect relevance feedback techniques. With relevance feedback the user indicates some of the results obtained after a first search as relevant or non-relevant. From the relevant results the significant concepts are extracted and added to the original query in order to refine the Web search. In pseudo-relevance feedback it is assumed that the top k ranked documents are relevant, and the relevance feedback is performed under this assumption. Instead, in the indirect relevance feedback indirect sources are used as the basis for relevance feedback. The area of research called clickstream mining [25] is a case study of indirect relevance feedback, and it is widely used on the Web [27, 28] . If a user clicks on the links included on the Web pages, then it is assumed that those pages as relevant to him/her.
When using an ontology the concepts contained in it can be used for word sense disambiguation and subsequent query expansion. Ontologies offer a global technique of query expansion. The idea is to add terms of the ontology that are semantically related to query terms.
During the query expansion phase a crucial problem is to select the number of terms that have to be added to the query in order to better satisfy the user request [29] . What is the right number of candidate terms in the query expansion process? Two points of views are considered from researchers: a massive approach and a qualitative approach. In the first case, more than 20 terms can be added to the original query. Buckley [30] has indicated this methodology as the most suited one for routing the query vector towards the centroid of relevant documents. Whereas in the second case, 3-4 terms per query are usually inserted. Although a precise number is not indicated, the optimal number varies from query to query. The idea is that the number is less important than the quality of the selected terms [31] . In this scenario, ontologies can be used as a good support to the qualitative approach. The objective is to identify the right relationships in the user's ontology and to expand the queries with the right concepts.
Once a query term has been located in the ontology structure, two ways of navigation are possible in order to expand it: (1) broader navigation and (2) narrower navigation. By adopting the first approach a semantic generalization is considered, whereas with the second one a semantic specialization is analyzed. When using these techniques, the problem is to halt the expansion to the right level in the hierarchy [32, 33] in order to avoid a massive approach.
In the literature, the query expansion process has been performed by adopting not only an ontological user profile, but also WordNet [34] , EuroWordNet [35] , MultiWordNet [36] or Cyc [37] as reference knowledge, or a specific domain ontology. WordNet (a lexical database for the English language) is an example of the most famous semantic network that has been widely used in the last few years in numerous research works. In [33, [38] [39] [40] [41] [42] [43] some of the most important works that make use of WordNet in the query expansion process have been reported.
A specific ontology is domain dependent, and is defined by domain experts, for example we can have a Medical Ontology, a Tourism Ontology, an Architecture Ontology or an Animal Ontology. In [44] [45] [46] [47] [48] approaches that make use of a specific domain ontology for query expansion have been presented.
Approaches to Query Expansion Based on the Use of Personalized Ontologies
Query expansion aims to improve the user's Web search in order to retrieve more relevant documents. In this section, we review some approaches to query expansion where an ontology is semi-automatically defined on the basis of the observation of the user's behaviour during Web searches. In the literature, a limited number of such contributions can be found. In [32, 49] query expansion strategies which consider both ontology and past user's queries are presented. In [32] the authors define a graph where each node is a query term, and with each term the related list of Web results is associated. This graph is updated each time a user's query is performed. Details on how to handle the exponential grown of this structure are not indicated in the paper; in fact, problems related to time and space complexity can arise. In [49] , past user's searches are used to define a user's profile, and the ODP is used to define a general profile. These two profiles are then combined to establish the context of the user's query to personalize the current user's request. The authors assert that good results have been obtained with the defined strategy, but experimental results are performed only with seven users, a few hundred queries, and a limited number of relevant documents. Whereas in [32] past user's queries are involved only if there is not a direct correspondence between a user's query and the ontology, in [49] they are both jointly considered to better define the search context. In [50, 51] local methods to expand the user's query including positive relevance feedback strategies are presented. Both these works define ontology-based query expansion methodologies applied in the e-learning context. Although [50] and [51] have the same goal, the first method is more complex from a computational point of view. Both methods define the user's ontology based on relevant terms extracted from e-learning material stored by the users. However, details on how this process is performed are missing. In the literature, the semi (or automatic) definition of a ontology from textual information is a challenging research topic [52] . As reported in Section 2 works that combine hybrid methodologies between query expansion and re-ranking phase are generally preferred. Thus, in this section we also discuss the approach defined in [53] where a hybrid combination of query expansion strategy for improving the re-ranking of Web results is presented. The terms to add to the query are directly selected from the ODP by the user, and the ODP is also used to extract the relevant concepts from the documents. In Table 1 a summary of the above approaches is reported.
In the following the papers previously introduced are more extensively explained. In [32] the authors have defined a method for query expansion based on the use of ontologies. The use of an ontology reduces the possible (mis)interpretations of a query, especially when a user writes short queries. The authors have defined the concept of ambiguity as the gap between a user's query and his/her information need. In order to reduce this gap two types of ambiguity related to a query have been modelled: (i) semantic ambiguity, and (ii) content-related ambiguity. past user's queries defined from textual information. [49] past user's queries based on the ODP [50, 51] preferred documents defined from textual information. [53] selection of terms from the ODP based on the ODP
The semantic ambiguity of a query can be evaluated when the query terms belong to the domain ontology. This means that a term x written in the query Q is associated with a concept c of the ontology, (i.e., c is defined as T ype(x)), and its relationships. The semantic ambiguity of a query Q is then defined as:
, where x is a query term. The variable generality parameter, V ariable Generality , is the number of subconcepts (i.e., children concepts) of c defined as V ariable Generality (x) := |SubConcepts(T ype(x))| + 1, where the base value 1 allows to compute the value of ambiguity of the term x also when |SubConcepts(T ype(x))| = 0. The variable ambiguity parameter, V ariable Ambiguity (x, Q), is a number based on the relationships defined for the concepts identified for the query term x and based on the set of constraints related to x (for more details see [32] ). A high value of semantic ambiguity indicates that the sub-concepts of T ype(x) could be good candidates to be added to the original query.
The content-related ambiguity is considered when there is not a direct correspondence between the query terms and the ontology structure. This means that the query terms are not represented in the ontology, and then it is not possible to evaluate the semantic ambiguity of a query. The content-related ambiguity is defined by calculating the so-called Neighbourhood of the query. The neighbourhood is a lattice defined by considering the relations between the queries' terms. This means that each query term is linked with the other terms written in the current user's query, and with the ones defined in past searches. After the user's query evaluation, each returned result is connected to each term in the query itself. This way a node of the lattice is a query term and a leaf is a result. When a user writes a new query, if the semantic ambiguity parameter cannot be computed, the lattice is analyzed in order to identify the set of results similar to the one obtained after the evaluation of the considered query. Two queries of a user are equivalent if their sets of results are equivalent. When the equivalent set of results has been identified in the lattice, it is then possible to locate the terms directly linked to these results. These terms are the candidates to be added to the original query.
In [49] a technique to improve the retrieval effectiveness of a search engine on the Web is presented. This solution makes use of two profiles: (1) a user's profile based on the user's search history, and (2) a general profile learned from a category hierarchy. These profiles are used to overcome the impersonal behaviour of a search engine given the context of a user's query.
A user's search history is represented by a tree model with the objective to capture the following information: queries, relevant documents, and related categories. In this tree model the root is a query, the nodes are the categories generated to classify the documents and the leaves are the relevant documents. The authors have assumed the use of search engines where the returned documents, after the evaluation of a user's query, are classified into a set of categories (such as the Northern Light search engine). A document is considered relevant by a user if some of the following user behaviours are observed: a user selects it and reads it for a time slot, or a user saves/prints it. A user's profile is automatically learned from the user's search history, and it consists of a set of categories. For each category a weighted term vector is defined, where the term weight indicates the importance of the term for the category. A general profile is suitable for all users. The reason for using this additional information is that the knowledge acquired from a user is limited only to his/her previous requests, and thus it might not be sufficient to determine the appropriate context for a query by having new user's interests. The considered general knowledge for defining this profile is provided by the ODP. In particular, only the first three levels of the ODP's structure are taken into account to represent the set of all categories.
The personalized search is achieved by mapping a user's query to a set of categories (obtained after the analysis of the user and general profile) that define the query context. After this, a similarity value between the user's query and the relative set of categories is calculated; next the categories are ranked in descending order of similarity. The top three categories are visualized to the user who can select the best ones for his/her actual search. If the user's interests are not among these three top categories, then the system provides the next three ones, and so on. The query is initially submitted without specifying any category. Then, the query is again submitted by adding the selected categories to the initial query. These two lists of returned documents are merged by adopting a weighted voting-based merging algorithm; the combined list will be visualized to the user.
Lee et al. [50] have defined an algorithm aimed at disambiguating short user's queries. In the considered application the users have to locate e-learning material on the Internet. In this work the domain ontology has been semi-automatically defined by combining a domain vocabulary with the relevant concepts extracted from the preferred e-learning material. This information is stored in the repository after search sessions performed by users (e.g., students or teachers). A user is guided in locating the learning objects (e.g., books of interest) on the Internet by using titles, descriptions and other attributes.
The core of this approach is to identify the portion of knowledge related to the user's query in the considered domain ontology. The selected part of knowledge is a sub-tree of the ontology that the authors have called "User Intention Tree" (UIT). Thus, the UIT represents the user's interests that identifies the so-called user intention related to a given query. The original query is then expanded with the concepts of the UIT. In the ontology each concept c is described by a set of keywords and their synonyms, called base concept, BC, of c. Then for a given user's query Q the related UIT is identified by finding the right BCs base concepts. This phase is performed by assigning a score, (called the base concept score, BCS), to each concept as:
where C is the set of concepts of the ontology. The score of a selected concept c i is defined as the number of keywords and synonyms that match Q (user query keywords) normalized by the total number of keywords and synonyms of concept c i . For each pair of concepts directly linked in the ontology, with both having BCS > 0, a new score called weighted base concept score, W BCS, is calculated as:
, where c i is the considered concept and c k is a concept directly connected with it having BCS(c k ) > 0. Then, the propagated base concept score, P BCS for a concept c i is defined as the sum over W BCSs. After these phases, several sub-trees of the ontology (with weighted relations and concepts) are located. The last phase concerns the construction of the UIT. The several disjoint parts of the ontology (sub-trees) have to be aggregated to define the UIT. The aggregation process is defined by finding the common node containing a maximum conjunction of the base concepts from the sub-trees. As previously stated, the UIT concepts are added to the original query, but a great number of candidates can be obtained. In order to avoid a massive approach for the query expansion phase, two stages are defined for pruning the nodes. (1) 
}.
If the concept is a leaf then the number of descendents is set to 1. The T IS value of each parent node j is compared with a threshold value γ to limit the upper bound of a minimal UIT. (2) If numerous nodes are obtained after the first stage, then a semantic distance between UIT concepts is defined to limit the expansion level. A threshold value is assumed to discard the concepts with a low distance value. This approach could be onerous with respect to the computational time if the ontology is made up of a large number of concepts.
In e-learning systems users have to be able to easily discover the relevant information which supports learning activity. To enhance the performance of the searching task, query expansion may be used. In [51] a query expansion methodology based on a semantic user model that represents individual user's interests has been presented. A user model is exploited to represent the interests and background knowledge of individual learners [54] . Formally, a user model U model = (U P, IC) consists of a set U P of user's identity information (such as user's name, age, education level, learning orientation, . . . ), and a set IC describing user's interests. The representation and the construction of IC is the main part of U model . In the considered e-learning system each resource is annotated with metadata to describe its content, and a domain ontology is used to represent the concepts, instances and relationships from those annotations. The IC set is defined by considering the k resources selected by a user. From the obtained k resources the metadata are extracted, and put together with the keywords defined by a user to formulate his/her query. Formally we have W = U K ∪ M D, where U K is the set of the keywords from the user's query, and M D is the set of all the metadata annotations from the k resources. For each w i ∈ W the corresponding set of synonyms, SY N , is obtained by analyzing a specific domain lexicon. From SY N the related concepts, instances and relationships of the domain ontology are extracted to construct the set of user's interests IC. Once the IC set is defined, the process of query expansion is obtained in several steps: (1) from each query term its synonyms are identified in a specific domain lexicon, (2) the query terms and their synonyms are used to mine concepts, instances and relationships from the domain ontology, (3) the extracted ontology obtained from point (2) is compared with the specific user model IC to identify the interests related to the current query, (4) a similarity measure is used to arrange the elements extracted from IC in descending order of corresponding interest relevance degree, and (5) the top k concepts (or instances) are added to the query. Evaluations have shown good results by comparing documents obtained with and without the query expansion strategy. Furthermore, the behaviour of two users with the same queries but having a different user model IC has been compared. Evaluations have produced a different set of returned search results, thus providing a personalized service in the e-learning system.
If two people are searching for raptors they may be looking at different contexts (prehistoric animals or basketball teams), but they will obtain the same set of results. To address this problem, in [53] a search engine called KeyConcept has been developed. This search engine takes into account, in addition to the query terms, the concepts related to the query and selected from the ODP. In particular, the user can directly select the ODP concepts most related to the keywords written in the query with the help of an ad-hoc interface. Furthermore, the documents returned after the evaluation of a query are indexed by their keywords and by their concepts again obtained from the ODP. Thus, documents are re-ranked according to a match between the user-supplied keywords/concepts and those associated with the documents. In detail, for each document two scores are calculated representing the number of keywords/concepts matching those specified by the user, called Score k and Score c , respectively. A user, during the definition of the query, can specify an α parameter, between 0 and 1, in order to establish if during the computation of the document score, the Score c parameter can assume more importance than the Score k parameter. The document score, Score d , is computed as: Score d = (α·Score c )+((1−α)·Score k ). Once a score has been calculated for each document, then they are sorted in decreasing order and presented to the user. To avoid having a great number of documents, the hierarchical structure of the ODP is explored in order to prune the result set. In particular, the document that does not share the nodes belonging to the same direct path of the ODP structure with respect to the user-supplied concepts is removed. This way the result set is made up of documents related to the user's request.
Future Directions for Query Expansion Based on Personalized Ontologies
In the literature, a wide number of query expansion strategies has been defined. In Section 3 some approaches based on an ontological user profile to query expansion have been presented.
In the query expansion strategy, a possible future investigation is to consider multiple ontologies to create a tailored user's profile. Several works have analyzed the joint usage of a domain ontology with a global ontology. For example, in [55] the authors have taken into account the problem of expanding queries with terms satisfying spatial constraints. To this aim a tourism ontology and a global ontology with geographic information are used. In [56] the authors present Miology, a Web-based application that helps users to automatically select the right ontologies (from an ontology repository) related to the topics of given Web results. Future investigations can be addressed to the use of these topic-ontologies for adding more focused terms to the user's query.
Another future direction could be to allow users to interact with the knowledge model (the ontology in this context) to increase the effectiveness of query expansion techniques [57] . In [58] a study about the effectiveness of interactive query expansion within the context of a relevance feedback system has been performed. In this study, it emerges that about one-third of the terms directly chosen by the users from a list of candidate terms is potentially useful to improve the phase of query expansion. For example, in [59] the Concept based Information Retrieval Interface (CIRI) ontology has been developed to help the user in formulating his/her queries. The experiment was a pilot study of the Finnish Web ontologies project into the Food industry domain. By using CIRI, a user can navigate the ontology by choosing the concepts up to the desired number of expansion levels. A promising research topic could be to make use of personal ontologies to better exploit an interactive search task. This navigational query expansion allows the user to have an active role during her/his searches. In [60] the authors define the so-called ontology query model to produce an Information Retrieval query from a set of concepts selected by a user browsing the considered ontology. Experiments are performed on a biomedical ontology merging several well-known biomedical sources, such as the Gene Ontology, MeSH and Swissprot databases.
The Use of Personalized Ontologies for Re-ranking Search Results
After a Web search, the produced results are usually ranked according to a numerical estimate of the document relevance to the query. This order does not always conform to the real user preferences. The phase of re-ranking allows to re-arrange the retrieved information items in order to help the user in locating those relevant to his/her needs. In this section we analyze the approaches that make use of an ontological user profile to re-rank the results produced by a query evaluation. An ontological user profile is generally defined by extracting information from the relevant Web pages obtained in previous user searches. We analyze works where a Web page is considered relevant based on an analysis of actions performed by a user on it. In the considered approaches (i.e., [10, 21, [61] [62] [63] ) the usual actions taken into account for selecting the preferred Web pages are: the frequency of the visits to a page, the time spent on a page, bookmarking or saving a page, etc. The relevant concepts are then extracted from the preferred Web pages and linked together with the support of external knowledge, such as the ODP. In [9] an approach analogous to the previous ones is presented; the monitoring of the user's activities has been performed by implementing a wrapper around the Google search engine instead of considering proxy servers or desktop bots. In [13, 64] a user profile is also defined with the direct interaction of a user with the system. In both cases a user can specify his/her categories of interest: in [64] this is done by navigating the concepts and selecting the right ones from the ODP, whereas in [13] the categories are explicitly declared. Table 2 reports a summary of the above approaches. Table 2 . Synthesis of the discussed methods for re-ranking of search results.
Reference
Considered User's Actions Personal Ontology [10, 21, [61] [62] [63] frequency of the visits to a page, based on the ODP time spent on a page, saving a page, etc. [9] past user's queries based on the ODP [64] selection of terms from the ODP based on the ODP [13] past user's queries, based on the ODP the preferred documents and interests explicitly declared.
Approaches Defined to Re-rank the Search Results Based on the Use of Personalized Ontologies
In [10] the authors have defined a Web system which aims to improve the quality of a user's search on the Web. The objective is obtained by personalizing a Web search according to the user's interests. The authors state that a personalized search can be of two types: context oriented and individual oriented. In the first case, the context of a search can be derived from the query terms written by a user; whereas in the second case, the context of a search is obtained by analyzing the user's behaviour during previous Web searches, e.g. actions such as saving, printing or copying full or part of the viewed pages. In the Web system developed by the authors both these types of context are taken into account to improve the quality of a search. The results obtained by the existing search engines, after the evaluation of a user's query, are collected, analyzed, re-ranked based on the user's interests, and then recommended to the users through the given user interface. In particular, in this work two types of ontologies can be used to personalize a Web search: a page ontology and a personalized ontology. Page ontology is an incremental ontology, it is constructed based on the set of pages visited by the user during his/her search session; whereas a personalized ontology is defined by considering several factors of personalization, such as page view time, actions performed on a page, terms written in previous queries, and the relevant concepts extracted from the examined Web pages.
The page ontology is generated to exploit the links between the various pages visited by the user after a search session. From each visited page the relevant concepts are extracted, and they are used to represent such pages. Relations between concepts are defined with the adoption of both the ODP and a dictionary. The re-ranking process privileges the pages having the highest number of concepts related to the user's query, and where the user spent the most time. These pages will have a higher ranking position than the other ones.
The personalized ontology is defined by performing a mapping between the relevant concepts extracted from the visited pages and the concepts of interest extracted from the search queries. The extracted concepts are linked in a conceptual way with the support of both the ODP and a dictionary. In particular, is − a and part − of are the relationships identified between the concepts in this step. Each node in the personalized ontology is defined by three components: a concept, the Web page(s) containing the concept, and a weight. The weight is calculated based on the actions performed by the user on this particular Web page. Each action determines the page relevance with respect to the user's context of search. For example, if Action = Save then the weight = 1 or if Action = Copy then weight will have a value from 0.25 to 0.75. The Protégé tool can define the personalized ontology in a specific ontological language. The pages having concepts with a high weight will obtain a high position ranking.
The goal of a personalized Web search is to tailor search results to the user's interests and preferences. In [21, 61, 62] a strategy to define an ontological user profile to personalize search results for a given query has been presented. The personal ontology is built by considering the relevant concepts extracted from the preferred Web pages after a Web search. Furthermore, a score is assigned to each concept. Initially all scores are set to 1. The consideration of this score plays a key role in the re-ranking process. As a first step, the Web pages are collected for which the user has shown interest. The factors taken into account in order to select the preferred pages from all the ones viewed are: the frequency of the visits to a page, the amount of time spent on the page, and other user actions such as bookmarking a page, etc. After a user's query, the preferred documents are then analyzed, and the more relevant concepts are extracted from them. In particular, each preferred document is represented by a vectord i of its relevant concepts. In this work, the ODP is also used in order to link the concepts extracted from the visited pages in a hierarchical way. Each node in the ontology is a pair < C j , IS(C j ) >, where C j is the concept in the reference ontology, and IS(C j ) is the interest score for that concept. Furthermore, for each concept C j a vectorC j is defined, which contains all the sub-concepts (direct children nodes) of C j . When the relevant concepts of each document vectord i are located in the reference ontology, their scores are updated according to two algorithms presented in [21, 61, 62] . From the first algorithm the activation value for each concept is calculated in order to define the importance of the concept for the current user's query. The activation value of a concept is defined as: where sim(d i ,C j ) is the cosine similarity measure calculated for two vectorsd i andC j , while IS(C j ) is the existent interest score for the specific concept stored in the ontology. From the second algorithm the score of the concept C j is updated as defined in [21, 61, 62] . This process is performed after each user's query, so that when several searches are performed by the user, a sub-structure from the ODP is obtained by considering the relevant concepts. This sub-structure is related to the user's interests, and it is used in order to re-rank the search results returned after the evaluation of a given query. In detail, for each result the relevant concepts are extracted and weighted according to the formula described in [61] . Then the similarity of the document with each concept of the sub-structure is computed to identify the best matching concept. Once the best matching concept, C j , is located, a rank score is assigned to the document by multiplying the IS(C j ), the similarity of the document to the query and the similarity of the specific concept to the query. Once all documents have been analyzed, then the search results are re-ranked in decreasing order and presented to the user. Figure 2 shows an example of the updating of scores assigned to the concepts after the application of the algorithm. Let us suppose that a Web result of interest is related to the concepts uef a and england. The algorithm computes a new higher score for the concepts sport, soccer, uef a and england, i.e., for the concepts where the user has shown interest and for those belonging to the same direct path of the hierarchy; a new lower score is associated to the other sub-concepts, i.e., players. As stated before, the minimum weight assigned to each concept is 1, so that in this example (after the application of the algorithm) the concepts having a score equal to 1 are not reported. Figure 2 . Schema of a small part of an ontological user profile where the scores to the concepts are updated after a user's search (see [21] ). 
ENGLAND (1) SPORT (12) SOCCER (24) PLAYERS (25) UEFA (16) ENGLAND (10) Spreading Activation Algorithm
In [63] during a search session defined as a sequence of related queries, a user profile is built which refers to the user's interests in the search session. The user profile is initialized after a first user's query and updated after the others user's queries. Each time that a user submits a query to the system, the search results are re-ranked according to the user profile defined up to the previous queries. In detail, a search session S is defined at time t + n as a sequence of related search activities performed by queries {q 0 , . . . , q t−1 , q t , q t+1 , . . . , q t+n } submitted respectively at time {0, . . . , t−1, t, t+1, . . . , t+n}. In order to consider queries related to the same search context, the authors have proposed a session boundary recognition method by using the Kendall rank correlation measure that quantifies the correlation between the current user query (e.g., defined at time t) and the user profile (e.g., defined until time t − 1). A threshold value σ is used in order to define if a query defined at time t is related to the same context of the previous queries; i.e., this is verified only if the value obtained after the calculus of the Kendall measure is greater than σ. If the query q t submitted at time t is related to the some previous search activities, then the documents of interest returned in response to the user's query are collected. A document is relevant, for a user, if some actions on that document are performed (such as, saving, printing, coping,. . . ). Once all the documents of interest have been identified, D t , then the authors have defined the query context,
as the centroid of the documents in D t ; namely the weight of each term, term i , in K t is calculated as
At this point a vectorK t is obtained having the most relevant (weighted-)terms from the documents returned after the evaluation of the query.
A user profile is represented as a weighted graph where the nodes are the categories (or concepts) defined in the ODP. This means that concepts are linked by using the taxonomic relationship IS-A. To re-rank the documents according to the user profile, it means that only the concepts that represent the Web pages (for more details see [65] ) visited by the user during the previous queries at time t − 1 are taken into account. Then, each selected concept from the ODP (i.e., c j ) is represented as a single term vectorc j , and its similarity score withK t is computed as score(c j ) = cos(c j ,K t .). When the scores of the concepts are updated, the D t set is analyzed and compared with the user's profile in order to re-rank the documents according to the user interests. For each document, d k , obtained after the evaluation of a query at time t, a weight is computed as:
where S i is the similarity value between the first user's query and the document d k , while S c is the similarity value between the document d k and the user profile at time t. Both the similarity values are calculated by adopting the cosine similarity measure.
Once the results are analyzed, then this weight is used in order to re-rank them in decreasing order. In several approaches user profiles are created by considering proxy servers (e.g., to capture browsing histories) or desktop bots (e.g., to capture activities on a personal computer). In [9] an approach is proposed which implements a wrapper around the Google search engine. In this work, a user profile is analyzed to identify the user's interests related to a query in order to improve the quality of a user's search. User profiles are created by classifying the information collected during previous search sessions into concepts with the support of a reference hierarchy (i.e., the OPD). In detail, the collected information is related to queries and snippets (titles and summaries) of the results. These profiles are then used to re-rank the search results and the rank-order of the user-examined results before and after re-ranking have been compared [9] .
User profiles are defined by considering the reference concepts from the ODP. Each concept (or category) of the ODP is weighted, where higher values imply major interest for this category. Each weight is assigned by classifying the textual content collected from the user in the right category. This means that the relevant concepts extracted from the information stored by the user are classified in the ODP hierarchy. This procedure produces a list of concepts with an associated weight that can be updated (or defined) over time after the submission of user's queries, or after the analysis of preferred snippets by the user. The formulae of how to calculate the weight for each concept are given in [66] .
The re-ranking phase is performed in two steps.
Step (1): for each search result obtained after the evaluation of a user's query, the relevant concepts are extracted and located in the ODP. Furthermore, for each category of the ODP a weight is calculated according to the formula defined in [66] . This process allows to define the so-called Web profile produced by the classification of each Web result. Then, the conceptual match between the Web profile of the j − th result (i.e., res j ), and the user profile (i.e., user i ) is defined as: conceptual match(user i , res j ) = ∑ N k=1 cwt ik · cwt jk , where cwt ik is the weight of concept k in the user profile i, cwt jk is the weight of concept k in the Web profile j, and N is the number of concepts. This new value is called conceptual rank.
Step (2): the final rank of the j − th result is calculated by combining the conceptual rank with Google's original rank as:
where α has value between 0 and 1. If α = 0, then the conceptual rank is not considered, and the F inalRank is equal to the original rank provided by Google. If α = 1, then search engine ranking is ignored, and only the conceptual rank is considered. The authors have performed evaluations based on two user profiles (for a same user) by considering two types of information: past user's queries and snippets obtained in response to a user's query, respectively. Evaluations on these user profiles are effective in the same way.
In [64] a user profile based on the ODP is used in order to re-rank the Web search results. In this work, a user profile is directly defined by the user. In fact, a user has to select the topics that best fit his/her interests from the ODP. The ODP categories (topics of interest) are organized in a hierarchical way. When a user has chosen the categories of interest, the path of each category is stored in the user profile, i.e. all categories until the root. For example, a part of a user profile could be:
Once the user profile has been defined, then the output given after the evaluation of a query is re-ranked by computing a distance between the user profile and each output result. In detail, after the evaluation of a user's query, the obtained results are stored and then compared with the user profile in order to establish which result is most related to the user's interests. For each result the relevant concepts are related to the ODP categories. As a consequence, a result is classified according to the ODP ontology as the user profile. This way the distance between a user profile and a result, Dist j , is performed by analyzing their distance in the ODP structure. The ODP can be considered as a tree, and its categories/topics can be nodes. From this point of view, the distance is related to two sets of nodes from the topic tree: (1) those representing the user profile (set A), and (2) those associated to the result (set B). The distance between these sets is established as the minimum distance between all pairs of nodes given by the Cartesian product A × B. Thus, the pair of nodes having the minimum distance is considered in order to calculate the Dist j score to associate to each result. This score is computed by combining the 'Complex distance' (see [64] ) between a and b, and the Google PageRank score of b; where node a identifies the user profile, and node b is the result. Once all the results are processed, then it is possible to re-rank them in decreasing order according to their distance value.
Several experimental evaluations have been performed by adopting three types of queries (clear query, relatively ambiguous query, ambiguous query) in different types of Web searches, such as a personalized ODP search and a personalized Google search by using the Google Directory as reference taxonomy (where Google Directory is a sub-structure of the ODP) instead of the ODP. Thus, by considering the metric previously presented, a user profile is compared with the ODP taxonomy and the Google directory, respectively. In detail, 17 users have defined their profile by selecting the categories of interest from the ODP, and then they have defined their queries. The top 5 results obtained after the evaluation of a query have been re-ranked by applying the above approach on two reference taxonomies, i.e., the ODP and the Google Directory. Thus, for a same query two different rankings of the same result set have been obtained. By using the ODP, good results are obtained for the following types of user's queries: relatively ambiguous query and ambiguous query.
In [13] a personalized information retrieval model based on ontological knowledge has been proposed. The ontology, in this case, is built by considering two types of user's interests: persistent and live. Persistent interests are related to the preferences explicitly declared by the user, whereas the live interests are obtained by monitoring the user's actions during a search session. These two methods allow to jointly define the user's profile. To define a persistent interest, a user selects a-priori a set of different topics with a certain degree. The live interest is generated through a constant monitoring of the user's interaction with the system during a search session. As stated by the authors, this last user interest contains less uncertainty because it is based on his/her actions, as long as the monitoring period is sufficient and representative of the user's preferences [13] . The live user profile is defined according to four actions: keyword-based queries, view document queries, relevance feedback queries, and browsing queries. Keyword-based queries define a fuzzy set of concepts on the keywords extracted from the user's queries, view document queries define a fuzzy set of concepts extracted from the visited documents by the user, relevance feedback queries denote two sets of documents: one is the set of documents marked by the user as relevant, and the other is the set of documents marked by the user as non-relevant. At the end, browsing queries define a fuzzy set of topics requested for browsing by the user.
Hence the ontology is built by jointly considering all these sets from the live interests, plus the preferences assigned directly from the user (i.e., persistent interest). The ontology knowledge is then defined with the adoption of a formal methodology founded on fuzzy relational algebra [67, 68] . This formal methodology allows to extract the relevant concepts from the user's interests (persistent and live) and to link them. This way, two concepts are linked, but the semantics of this relation is not known. The semantics is given by the domain expert from the following set of taxonomic relationships {specialization, part, example, instrument, location, patient, property}, with the corresponding set of inverse relations.
This way each user's request is compared to the ontological user profile. The ontology is analyzed in order to discover the part of knowledge related to the user's query. As a consequence a different ranking of the results based on the user's interests is computed.
Up until now in the works outlined in this paper the relevant concepts from the documents are extracted and semantically linked with the support of a reference ontology (i.e., the ODP). Instead, in this case the ontology is built without any external support and in a semi-automatic way: a formal methodology is applied in order to link the concepts, and the domain expert defines the semantics of the links.
To annotate documents with concepts and to define the corresponding ontology without an external support is a very difficult process. In the literature, several criticisms have emerged towards the use of formal annotation and ontologies for capturing the semantics of documents [69] [70] [71] . An ontology is both domain and language dependent, and of course, it is very hard work to define an ontology representing the knowledge carried by a document or a Web page.
Future Directions for Re-ranking Based on Personalized Ontologies
In the presented approaches to re-rank search results, the trend line is to adopt an external reference knowledge as a semantic support to define an ontological user profile based on the concepts extracted from the relevant Web pages. The ODP is the knowledge used for this aim. Although the ODP is constantly updated and maintained by a community of volunteer editors, the subsumption relation (i.e., the taxonomic IS-A hierarchy) between categories is the only semantic information which is provided. A further step could be to use a real general purpose ontology as reference knowledge where a richer semantic expressiveness is given. YAGO is a large ontology, automatically obtained from Wikipedia and WordNet with high coverage and precision [72, 73] . YAGO has been defined in the last two years and could be a good candidate as a support to personalized searches. Currently YAGO contains more than 1.7 million entities and 15 million facts, grouped by 99 relations. In YAGO a fact is an instantiated relation between entities. Among the several relations, the IS-A is included as well as additional semantic relations between entities. In the literature, some works that make use of YAGO are proposed. For example, in [74] , YAGO is used in order to classify the search results into appropriate categories. The goal of this approach is not to re-rank the search results according to the user profile, but given a user's query, the goal is to provide all the categories for the corresponding search results. This way a user is helped in locating the Web results by navigating the obtained categories' list.
A promising research direction can address the use of NAGA [75, 76] . NAGA is a new semantic search engine, and it can operate on knowledge bases organized as graphs. NAGA searches the sub-graphs that match the user's query in the knowledge base, and these sub-graphs are the results obtained by the user as response. NAGA's goal is to rank the retrieved answers in such way that the most important answers are ranked before. YAGO is the knowledge used to perform preliminary experiments in order to compare the quality of the search results provided by NAGA with the ones obtained by a search engine, such as Google, and the question answering systems, such as Yahoo! Answers [77] and START [78] . In [79] the authors have proposed an approach to personalize the user's search in NAGA. The objective is to establish a user profile as several sub-graphs into NAGA and to define a personalized scoring model into the NAGA's ranking function that makes use of the user's interests. A user's profile is directly elicited by the user himself/herself by querying YAGO's knowledge with NAGA for discovering his/her interests from the obtained results (i.e., the related sub-graphs). To facilitate this phase, an ad-hoc interface has been developed, but this limits the interoperability of the approach where a user can interact with the system only by formulating queries with an appropriate interface and a specific query language. As previously stated, YAGO has a richer semantic than the ODP, but YAGO is a static general purpose ontology, whereas ODP is always updated from the community of volunteers. Future investigations can be made in two directions: (1) to define a user profile based on YAGO, and (2) to study new strategies for updating YAGO's knowledge.
Conclusions and Future Works
Web search engines provide a huge number of answers in response to a user query with the consequence that a user cannot always find the results relevant to his/her information needs. In order to overcome this unsatisfying situation, a possible solution is to analyze the behaviour of a user during a search session, namely (1) to study the interactions of a user with search engines, and/or (2) to study the actions that he/she performs visiting Web pages. With the first case, the terms of a user's queries are stored into query log files; whereas in the second case, information such as the identifier of a user, URLs clicked for each query or actions such as save, print, copy, etc. related to a part of a Web page are stored in Web log files. All these files are analyzed in order to understand what the user's interests are, and thus to define ad-hoc the profile. This profile is used to improve the quality of a user's search. In this paper, we have investigated the use of ontologies, aimed at defining user profiles (called ontological user profiles). Ontologies allow to give a semantic organization to the information recorded in query and Web log files. In this short review, some works aimed at the use of a personal ontology have been discussed in order to face two typical Information Retrieval problems: query reformulation and results re-ranking. Most works use ODP as the reference ontology to define a user profile. The ODP is used in three different ways. In the first case, ODP has been used as a semantic support to find a relation between concepts (e.g., extracted from the preferred documents or the visited Web pages), in the second case, some parts of the ODP structure have been identified to be relevant for the user, and in the last strategy, the user has directly selected the categories (concepts) of interest from the ODP.
The benefits of adopting strategies to obtain personalized searches on the Web are well known. In this paper, our interest has been directed towards two main approaches, namely query expansion and result re-ranking, to personalize a user's search with the support of personalized ontologies. With the coming of the Web 2.0, the way to share and define data has changed. New services are provided to handle folksonomies, blogs, wikis, and so on. In the literature, several works have addressed the problem of exploring folksonomies for personalized search. The term folksonomy is a combination of folk and taxonomy to describe the social classification phenomenon [80] . Folksonomy arises from the textual annotation of Web resources and is described as a shared collection of tags. A tag is a free-text keyword, and tagging is the process aimed at assigning tags to resources. As free-text keywords, tags do not have exact meaning and suffer from linguistic ambiguities. In current folksonomies there is no agreement on the representation on such a tagging. This means that each system uses a different format to publish its tagging data with the consequence of having a difficult interoperability between them. In [81] an overview and a comparison of several tag ontologies defined with the objective to have a unique semantic representation has been presented. In this field of research, the main objective is to propose new approaches for improving a user's search. In [80, 82, 83] strategies for re-ranking search results are presented, based on the definition of a user profile, obtained after the analysis of bookmarked documents. In particular, a user profile is defined with the tags associated to each bookmarked document with the basic assumption that a user bookmarks only relevant interests to him/her. Metadata about Web results are collected by the community of users submitting bookmarks to the bookmark systems defining the so-called document profile. The re-ranking phase is then obtained calculating the similarity between a user profile and a document profile.
Recommendation system is an other interesting area of research where studies for the definition of a user profile from folksonomy are investigated. For example, in [84] it has been observed that users generate several tags spanned across many different domains. This means that users usually have a wide range of interests. To understand what the user's interests are, the distribution on how tags are assigned to bookmark documents has been studied.
The use of ontological user profiles obtained by folksonomies can improve the personalized search of the Web 2.0. Ontologies can be used also in another direction with respect to the one to give a common representation of tags. In fact, the process of tagging is nothing more than annotating Web resources with an unstructured list of tags, and all the limits concerning the semantic interpretation of tags are well known.
